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A procedure haﬁ—been developed for controlling the process of
crystallization of metal in the molten pool, This procedure
insures intensive influence, regulated within wide ranges, on
the pool metal from the reverse side of weld, without direct
] contact with the latter. Structural analysis and mechanical tests
showed that performing electromagnetic treatment during welding

makes it possible‘*to considerably refine the weld metal structure
and to raise the physical properties of the obtained jolnts,
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PROCEDURE FOR HARDEMING WELD METAL
DURING ITS FORMATION

U. T. Sultanov, B. V. Umarov, and
M. A. Abralov

With th2 use of welding in critical constructions, the
mechanical indices of the weld metal are considered. A fine-
grained structure with an insignificant chemical heterogenelty
glves the metal hligh strength and plasticity.

Special technologlcal methods during weldling regulate
the crystallization processes for obtaining the desired structures -
for example, mixing liquid medla (mechanical stirring, shaking
at an ultrasonic frequency), adding modifier elements to the tail
part of the poel through the filler materlial, measuring the
cooling rate during the solidification of the molten pool, ete.

However, the difficulties 1n inducing oscillations into
the limited volumes of the pool and the structural vibrations
which appear in this case, as well as the complexity of the welding
technology during the cooling phase delivery and the addition of
modiflers, limit the possibilities of thelr use in practice.
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In recent years, to ralse the strength and plastic properties
of conscruction materials it has been proposed that liquid media
1 be mixed with the use of electromagnetic r'ields.

It has been established that a radical means for improving
the structure and properties of the metal during electroslag
welding 1s the electromagnetic mixing of the melt of the molten ]
pool [1, 2], but there is no data on the effect of external
magnetie flelds on the crystallizatlions process of the metal in
the pocl.

In the vproposed device electromagnetic fields, whose source
1s at the reverse side of the weld, act on the crystallization 3
process of the molten pool., As a result of the interactlion of
the field with the welding curxrent in the fusion zone, there
arise electromagnetic forces which lead to the intensive mixing
of the melt particles.

o R

Specimens were welded and the obtailned Joints were treated
electromagnetically in the apparatus (Fig. 1), consisting of :
a clamping device and a moving carriage with the source of the 2
electromagnetic field made in the form of a coll with a steel j
core., The clearance between the electromagnetic field source
and the surface of the specimens to be joined 1s regulated.

The source of the controlling field is situated behind the weld; i
it therefore does not affect the stability of the arclng process

and crystallization occurs without direct contact of the contrelling
equipment with the metal of the molten pool.

During welding the s~urce of the electromagnetic fleld moves
synchroniously with the movement of the pool. 1In the welder it
is possible to carry on processing by the field when the axes of
the electrode and the electromagnet* coincide or are displaced
at a certain distance. The electromagnet is supplied by
current inmpulses of regulated duration, which alternate in terms

FTD-HT-23-1749-72 2
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Fig. 1. Welding attachment; 1 ~ moving carrlage;
2 - electric motor; 3 - electromagnetic coily

b - plate; 5, 6, and 9 -~ clamping device; 7 - weld
specimen; 8 - electrode; 10 - lifting mechanism;
11 - base.

of polarity and which are separated by a regulated pause.
Alternating and constant magnetic filelds, whose intensity is
controlled in a wide range, can act on the metal of the molten
pool.

Field impulses alternating in polarity were obtained by
supplying the field source from a special transformer. A
rectifler unit on the low-voltage side of the transformer was
used for the influence by the lmpulses of the constant field.
The circult dilagram provides for incluslon into the primary
winding of a power-supply transformer developed for the experiments,
as well as a breaker which insures the flow of current impulses
with a duration from a half-period to
The pause duration was regulated from
The material was

to the electromagnet
19 periods over a period.
0.02 s to 0.2 s by 0.02-second stages.
deformable, thermally unhardenable aluminum alloy AMgb6. The
investigation was conducted during automatic argon-arc welding
on the ADSV-2 welder with a nonconsumable electrode without
filler material. The welding conditions remained constant in

the course of sll the experiments and insured good weld formation

from both sides.
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For the specimens 3 mm thick, the welding parameters were
the following: ICB = 140-145 A; U.q = 11-12 V; Veg = 22-25 u/h;
Qpp = 16 7/min, d,, = 5 mm; the arc was supplled from an ac
source, and brand A argon was used as shlelding gas.

o el AL o

Specimens 100 x 200 mm in size were cleaned of surface
oxide films by mechanical deburring, using a steel brush, and
then were fastensd by c¢lips in an apparatus made of nonmagnetic
materials (to elimirate the distortion of the controlling magnetic
field).

The properties of the welded Joints made by electromagnetic
treatment during welding were studied by the macro- and
microstructural analysis methods and by mechanical tests.

The dependence of the physical properties of AMg6 alloy on
the parameters of the controlling fleld are gilven in the table.
The results of the tenslle tests confirm that for the majority
of the control modes there 1s a corresponding increase 1in
strength in comparison with the specimens welded wilthout the
effect. Structural studles of the metal of welds made under
normal welding conditions and those treated by the examined
procedure have established that the macrostructure of the metal
in a weld made using the effect 1s more fine-grained (Fig. 2);
the structure is refined in the axlal part of the weld.

me &r me emare e —————— i e

The active motion of the melt particles under the action
of the controlling fleld leads to the crushing of the primary
grain by the electromagnetic forces acting within the volume of
the pool; the weld structure is refined and the intercrystalline
interlayers of the columnar crystal zone become thinner. By
changing the intensity of the controlling field and the nature
of melt particle movement, it 1s possible to regulate the refined
crystal zone in the metal of the weld.
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Filg. 2. Macrostructure of welds
without a) and with b) the effect
of an electromagnetic field.

The microstructure of the axial part of the weld made with
electromagnetic treatment during welding differs sharply from

the initial ones (Fig. 3).
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Fig. 3. Microstructure of the
axial part of welds without a)
and with b) the effect of an
electromagnetlic fleld.
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CONCLUSIONS

1. A procedure has been developed for controlling the
process of crystallization of matel in the molten pool. Thls
procedure insures intensive influence, regulated within wide

ranges, on the pool metal from the reverse side of the weld,
without direct contact with the latter.

2. Structural analysis and mechanical tests showed that
performing elec-romagnetic treatment .during welding makes it
poscible to considerably refine the weld metal structure and to
raise the physical properties of the obtained joints.
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